Objective: To determine oxygen saturation (SpO 2 ) trends in healthy preterm newborns during the first 15 min after birth and to ascertain factors affecting SpO 2 changes during that period.
Introduction
Physiological studies of postnatal transition after birth in healthy term and near-term infants have shown that oxygen saturation (SpO 2 ) in the first few minutes can be as low as 60 to 70% and it would take more than 5 min to reach a stable SpO 2 of 80%. [1] [2] [3] [4] [5] [6] However, data on physiological changes in SpO 2 during such a period in preterm infants, especially in very low birth weight newborns, are very limited. Most studies involved sick preterm infants who needed resuscitation or oxygen supplementation. 1, 3, 4, [7] [8] [9] Several studies have shown evidence of oxygen toxicity in infants even after a brief exposure to 100% oxygen in the delivery room. [10] [11] [12] [13] The Neonatal Resuscitation Program of the American Heart Association and the American Academy of Pediatrics have suggested that oxygen blender and pulse oximeter should be used during resuscitation of preterm infants to avoid potentially harmful hyperoxia and have also called for more information on SpO 2 changes within minutes after birth to recommend a target SpO 2 for this group of infants. 14, 15 We therefore conducted a study to describe the SpO 2 of healthy newborn preterm infants during the first 15 min after birth.
Methods
An observational study was conducted at the delivery room, Ramathibodi Hospital, Bangkok, Thailand, between 1 June 2007 and 30 June 2008. The study was approved by the institutional review board and informed consent was obtained from parents before delivery. Newborns of less than 36 weeks' gestation, who did not receive supplemental oxygen at birth, were eligible for the study. The research team had to be notified at least 10 min before delivery. Exclusion criteria included infants with nonreassuring fetal heart rate, poor biophysical profiles, prenatal diagnosis of cyanotic heart diseases, those requiring supplemental oxygen or positive pressure ventilation and in whom SpO 2 could not be measured within 5 min.
Masimo Radical (Masimo Corporation, Irvine, CA, USA) was set at maximal sensitivity. The sensor was placed at the right hand and secured with a Coban wrap (3M Health Care, St Paul, MN, USA) immediately after birth by researchers who were not involved in newborn resuscitation. The sensor was then connected to the pulse oximeter, which continuously recorded SpO 2 using 2 s average times. The time taken to obtain reliable SpO 2 data, which were confirmed by listening to the heart rate similar to the pulse rate from the pulse oximeter, was recorded. Pulse oximetry measurement was continued for at least 15 min, thereafter SpO 2 and heart rate data were transferred to a spreadsheet program (Excel; Microsoft, Redmond, WA, USA) for further analysis.
Newborn resuscitation was performed by a separated resuscitation team and followed the National Resuscitation Program Guidelines. 15 Relevant antenatal data and perinatal history, for example, mode of delivery, premature rupture of membrane and obstetric analgesia, were recorded. Infants' temperature at 15 min of age, arterial blood gas and venous hematocrit values on admission were obtained from all enrolled infants.
Data were expressed as median and range or interquartile range (IQR) or mean and standard deviation if normally distributed. SpO 2 data at 1 min intervals were summarized in box plots and were stratified by mode of delivery (cesarean section vs vaginal delivery) and gestational age (GA) (p33 vs >33 weeks).
For univariate analysis, w 2 -test or Fisher's exact test was used for categorical data, and nonparametric test or Student's t-test (if applicable) was used for continuous data. The different time taken to reach a stable SpO 2 at X85 and X90% was calculated by Kaplan-Meier curves and compared by the log-rank test. The Cox proportional hazards model was used to determine factors affecting SpO 2 after birth.
Results
During the study period, there were 186 eligible newborns. Among them 84 were excluded because of fetal distress, failure to notification and delayed arrival of the research team. In all, 102 newborns were enrolled for the study, of whom another 27 newborns were excluded due to supplemental oxygen for resuscitation. Therefore, 75 newborns remained for analysis.
The median GA was 35 weeks. Sixteen newborns (21%) were born at 29-to 33-week GA, whereas 59 newborns (79%) were born at 34-to 35-week GA. Fifty-one (68%) were born by normal vaginal delivery, 20 (27%) by cesarean section and 4 (5%) by vacuum or forceps extraction. All 75 newborns had normal Apgar scores at 1 and 5 min ( Table 1 ). The median (IQR) time from birth to apply sensor was 60 (52 to 80) s and the median (IQR) time from birth to obtain reliable SpO 2 and heart rate was 160 (116 to 224) s. In the nursery, two infants developed respiratory distress syndrome and required nasal continuous positive airway pressure (CPAP).
Excluded infants (27 infants) had a lower GA (median (range) ¼ 33 (27 to 35)-week), a lower birth weight (median (range) ¼ 1960 (670 to 2760) g), and a lower Apgar score at 1 min (median (range) ¼ 5 (1 to 9)) than enrolled infants.
The Excel spreadsheet showed that SpO 2 gradually increased in the first 5 to 10 min. More fluctuations were noticed during the first 5 min, after which SpO 2 became steady (Figure 1 ). The median SpO 2 at 1 min intervals was displayed in box plots as shown in Figure 2 . The median SpO 2 values (IQR) at 2, 3, 4, 5 and 6 min were 77% (72 to 92), 84% (75 to 94), 88% (80 to 94), 90% (79 to 95) and 95% (85 to 97), respectively. The 10th percentile of SpO 2 at 2 and 3 min was 60 to 70%. The median SpO 2 was 90% at 5 min after birth and became more stable and above 90% after 6 min.
There were no significant differences in SpO 2 pattern and values between infants born at p33 and >33-week GA. Infants born by cesarean section had lower SpO 2 values (Figure 3 ) and took a longer time to reach a stable SpO 2 at 85 and 90% compared with Maternal PROM, a n (%) 28 (37) Maternal analgesia before delivery, a n (%) 22 (29) a Expressed as number (%). Figure 1 An example of the oxygen saturation (SpO 2 ) graph trend of one newborn during the first 15 min after birth. SpO 2 levels gradually rise with some fluctuation during the first 5 min, and then reach more stable and steady levels above 90% after 10 min.
Oxygen saturation trends in preterm infants P Nuntnarumit et al those born by normal vaginal delivery with hazard ratio (95% confidence interval) of 1.96 (1.11 to 3.49), P ¼ 0.02 and 1.79 (1.02 to 3.16), P ¼ 0.04, respectively (Figure 4 ). There were no correlations of the following factors on SpO 2 including maternal analgesia (pethidine), types of anesthesia (local vs general), infant's birth weight, body temperature at 15 min and hematocrit value at birth. Enrolled infants had better clinical outcomes than those who were excluded ( Table 2) .
Discussion
Information on SpO 2 in preterm infants in the minutes after birth is very limited and most of the studies involved late preterm infants (X35-week GA) requiring resuscitation and oxygen supplementation. 1,3,4,7 -9,16,17 A study by Kamlin et al. 4 enrolled newborns of X31-week GA, who did not require resuscitation and oxygen supplementation. They found that 54 preterm infants (31-to 36-week GA) took a longer time to reach a stable SpO 2 of >75 and 90% compared with term infants, with a median of 4.2 vs 2.5 min and 6.5 vs 4.7 min, respectively. However, 11 out of 54 infants subsequently required oxygen supplementation and nasal CPAP within 30 min after birth, and these infants had a lower 5 min SpO 2 compared with those who were not given oxygen supplementation or nasal CPAP (78 vs 91%). In our study, only 2 out of 75 infants subsequently required nasal CPAP. In addition, all enrolled infants had uncomplicated clinical courses, except for two infants who developed mild bronchopulmonary dysplasia. Therefore, SpO 2 data of these infants provide normative values and the pattern of SpO 2 changes immediately after the birth of healthy preterm infants.
The median time from birth to obtain a reliable SpO 2 is longer than that of other studies. 4, 5 This difference may partly be explained by the initial low perfusion of some preterm newborns who gradually improved skin color and perfusion over time on their own or by minimal stimulation, especially in infants born by cesarean section. In addition, we could not obtain initial SpO 2 in some healthy newborns because they were receiving basic steps of resuscitation (drying, suction and tactile stimulation) on their mother's abdomen and this process could take up to 60 s before moving infants to the radiant warmer and applying a probe sensor.
In our study, there was no significant difference in SpO 2 after birth between infants of p33 and >33-week GA. Only a slightly lower SpO 2 of more premature infants during the first few minutes Abbreviations: BPD, bronchopulmonary dysplasia; Hs-PDA, hemodynamically significant patent ductus arteriosus; IVH, intraventricular hemorrhage; RDS, respiratory distress syndrome. Data are expressed as n (%) or median (interquartile range).
Oxygen saturation trends in preterm infants P Nuntnarumit et al was observed. Fluctuation of SpO 2 level was noticed during the first 5 min of life, but it became more stable and reached a steady state after 10 min. The median SpO 2 during the first 10 min of preterm newborns in our study showed a similar pattern and comparable levels, compared with the SpO 2 of nonresuscitated term newborns after birth as found in previous studies. 4, 5 The 10th to 25th centile of SpO 2 can be as low as 50 to 60% at 2 to 3 min and 70 to 80% at 5 min. It took 8 to 10 min for SpO 2 to reach a stable SpO 2 >90%. It should be noted that most of the enrolled infants (79%) were quite late preterm with a median GA of 34 to 35 weeks. Therefore, the SpO 2 ranges within minutes after birth in this study may not be generalized for early preterm infants. Our findings support the use of oxygen blender and pulse oximeter to adjust oxygen concentration to maintain SpO 2 in physiological ranges and avoid potential oxygen toxicity during early postnatal adaptation. It seems reasonable to set the target SpO 2 at 2 to 3 min and at 5 min after birth at approximately 70 and 80%, respectively, as it has been used in the recent trials of less than 100% oxygen supplementation. 9, 16, 17 Similar to others, we could not show the effect of maternal analgesia or anesthesia on SpO 2 . We found that infants born by cesarean section had lower SpO 2 than those born by vaginal delivery. This finding was supported by other previous studies. 4, 5 The effect of cesarean section on SpO 2 is not entirely clear, but it is probably because of retained fetal lung fluid.
In summary, we have shown SpO 2 within minutes after birth in healthy preterm infants. Infants born by cesarean section had a lower SpO 2 and took a longer time to reach a stable SpO 2 than those born by normal vaginal delivery. The physiological changes in SpO 2 immediately after birth for early preterm infants still require further study.
